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PID mechanisms and stresses
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ÅCrystalline Silicon PID

o Shunting: PID-s

o Delamination: PID-d

ÅThin film PID

o Test method consideration

o TCO corrosion

ÅCombined-stress cycle for better characterization of 
PID and other degradation mechanisms

PVQAT ςTG3:  Humidity Temperature Voltage  
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Test methods 
a) Testing in damp heat using an environmental chamber

severities represent the minimal stress levels for detection of PID

ω сл°C / 85% RH  / + & ςVsys96 h

ω ср°C and 85°C for further acceleration

b) Testing in dry using Al foil

severities represent the minimal stress levels for detection of PID

ω нр°C / <60% RH / + & ςVsys168 h

ω рл°C and 60°C for further acceleration

Procedures to test and evaluate the durability of crystalline silicon photovoltaic (PV) modules to the 
effects of short-term high-voltage stress including potential-induced degradation (PID)

PID-shunting (PID-s) & Polarization

PHOTOVOLTAIC (PV) MODULES ςTEST METHODS FOR THE DETECTION OF 
POTENTIAL-INDUCED DEGRADATION Part 1: Crystalline Silicon
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Potential-induced degradation: PID-shunting,Polarization 

PID-shuntingNa+ drift + diffusion through stacking faults

Harvey, Mosely, Hacke, Norman, Johnston(NREL) Naumann, Lausch, Hähnel, Breitenstein, Hagendorf, FrCSP

PID-polarization  
Charges in the passivation layer (SiNx, SiO2, 
Al2O3) attract minority carrier 
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ÅC-Si modules exposed to -
600 V/ 60ϲC/85%RH/96 h 
(4 d) degraded 4.3 %.

ÅFielded replicas in Florida 
(-600 V variable, daytime) 
show no degradation in 
1836 d (5 y).
ςDegradation in 2208 d (6 y).

60ϲC/95%RH/96h/ -Vsys test versus 5 & 6 years in the field

5 y 6 y-1500 V 
circuit
2 mo

60°C/95%RH/96h/ -Vsys level
OK to qualify conventional 
c-Si modules for natural 
environment in the 
continental USA.

85°C/95%RH/96h/ -Vsys level
In IEC 61215 ed 3 draft 

(4x more stressful)

More at: Hacke NREL/CP-5J00-70264
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Control of PID-shunting: 6 levels of PID susceptibility

Singapore -1000V daytime

Type A passed no PID test
Failed in field

Type B passed 85/85/96 ς1000 V
Type C ςF passed increasingly 
higher stress levels: No PID-S

Good control of PID

Degrading 4%/y in first year by 
something else

Y. Chen et al. Trina/SERIS/NREL collaboration
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Å Front junction same as conventional cells
Å Polarization on rear (case of glass substrate module)

o (ς) bias to cells
o (+) charge accumulates in rear passivating dielectric
o Minority carrier electrons in p-base attracted to (+) rear and recombine

Å Exposure to light quickly dissipates the charge: complete recovery < 5 h
Å For this and other reasons, a better PID test must include the factor of 

light

Consideration for PERC cells & other c-Si designs

p-type Cz wafer

Al local BSF

n-diffused 

emitter

SiNxFront Ag contact

AlOx

SiNx

Leakage current
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Electroluminescence: PERC Cell after PID stress on 
rear, after localized illumination

NREL/SERIS to be published

PERC: Passivated Emitter Rear Contact
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Consideration for electrochemical corrosion (+) to cell, UV/ionization damage

Pmax/Pmax_0 =  0.915,  0.15 C/cm2
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Hacke/Kempe/Han

60°C/ 85% RH +1000 V 340 ςnm UVA
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Hacke, Kempe(NREL) 
Han (SunPower)

Osterwald 2002

Å Falloff in short-circuit current in cells with +Vsys

to cell
o Optical losses

o Reduction in surface passivation

o Formation of non-photoconvertingdead layer at 
front of cell

Å Preliminary PC-1D modeling of QE curves 
indicate effect is not explainable by just optical 
losses: UV, +Vsysbias leading to Isc loss

Consideration for electrochemical corrosion (+) to cell, UV/ionization damage


